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MINIGUIDE - A SIMPLIFIED ATTITUDE CONTROL FOR SPIN-STABILIZED VEHICLES 

By Henry J. E. Reid, Jr., andH. Douglas Garner 

NASA Langley Research Center 
Langley Stat ion,  Hampton, V a .  

Miniguide i s  an extremely simple a t t i t u d e  control  concept for spin-s tabi l ized 

vehicles.  

erence, and a body-fixed react ion j e t  t o  provide control  torque. 

It u t i l i z e s  body-fixed horizon detectors as an absolute a t t i t u d e  r e f -  

The spin which 

s t a b i l i z e s  t h e  vehicle i n  space a l so  provides the scan f o r  t he  a t t i t u d e  re fer -  

ence, and allows only a s ingle  control  j e t  t o  provide a l l  the  control  torque for 

two axes, and t h e  required s t a b i l i t y  augmentation or damping torque. 

The control  logic  and electronics  requirements f o r  t h e  system a re  minimal. 

A f l i gh t - t e s t ed  version t o  be described l a t e r  i n  this paper used a t o t a l  of only 

13 t r a n s i s t o r s  and two moving pa r t s  - a r a t e  gyro and a solenoid valve. The 

t o t a l  weight of t h i s  t e s t e d  system w a s  under 18 pounds including tankage and 

nitrogen, and with minor refinements of design could e a s i l y  be reduced below 

12 pounds. 

This paper will describe the  following: 

a. Basic miniguide control  theory for a p i tch-a t t i tude  and a ver t ica l -  

a t t i t u d e  control  scheme 

b. Fl igh t  t es t  of t he  p i t c h  control  scheme 

c.  Studies of two appl icat ions of the Miniguide now under consideration 

The v e r t i c a l  control,  shown diagrammatically i n  figure 1 uses a horizon 

detect ing telescope with a f i e l d  of view several  degrees wide. This telescope 

i s  s e t  a t  an angle with respect t o  the  spin axis  which, when the  spin axis i s  

v e r t i c a l  and t h e  vehicle a t  the  correct  a l t i tude ,  allows the  f i e l d  of view t o  
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sweep around the  edge of t h e  apparent ea r th  disk.  

the  portion of the  f i e l d  of view occupied by the  ea r th  remains the  same through- 

out the  revolution of the  vehicle.  

ca l ,  the  portion of the  f i e l d  of view occupied by t h e  ear th  w i l l  change as the  

vehicle spins, as shown i n  figure 2(b) .  

a varying s igna l  which i s  grea tes t  when the  telescope sees the  most ear th ,  and 

least when the telescope sees the least ear th .  This s igna l  i s  then su i tab ly  

amplified and fed  t o  an e lec t ronic  switch, f igure  1. Whenever there  i s  an a-c 

s igna l  component present,  the  e lec t ronic  switch w i l l  be ac t iva ted  during t h e  

portion of the s igna l  when the  telescope sees the  most ear th .  

I n  t h i s  condition, f igure  2 (a ) ,  

If the  spin ax is  of t he  vehicle i s  not v e r t i -  

The output of the  telescope then will be 

The output of the e lec t ronic  switch operates a body-fixed react ion j e t  posi-  

t ioned on the  body so t h a t  when actuated it torques the  vehicle  i n  such a way as 

t o  move the telescope off  t he  ear th .  Since the  spinning vehicle i s  ac t ing  as a 

gyroscope, t h i s  j e t  i s  posit ioned on the  body a t  r i g h t  angles t o  the  telescope 

t o  precess the  vehicle i n  the  telescope plane. The system will thus n u l l  out 

t he  a-c component of the  telescope signal, leaving the  vehicle  spin a x i s  v e r t i c a l .  

Due t o  the lack  of damping i n  the  space environment, a coning motion w i l l  be 

b u i l t  up during the  control  phase and the  system may be dynamically unstable due 

t o  system time lags .  To compensate f o r  t h i s ,  a s t a b i l i t y  augmentation signal i s  

obtained from a r a t e  gyro, and summed with the  telescope signal. This gyro i s  

placed with i t s  input ax i s  p a r a l l e l  t o  t h e  a x i s  about which t h e  cont ro l  j e t  pro- 

duces torque. Since there  i s  an energy interchange between the  body axis each 

revolution, damping one ax is  i s  s u f f i c i e n t  t o  damp t h e  e n t i r e  system, and only 

the  single r a t e  gyro and react ion j e t  are required.  

The horizontal  version of t he  p i t c h  cont ro l ,  shown i n  f igu re  3, uses two 

body-fixed horizon detectors  with narrow f i e l d s  of view mounted on opposite 
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sides  of t he  vehicle spin ax is .  With the  spin axis  horizontal ,  and a t  the  oper- 

a t ing  a l t i t ude ,  t h e  telescopes are s e t  a t  an angle with the  vehicle spin ax i s  so 

t h a t  they produce a conical scan which j u s t  i n t e r sec t s  t he  ear th  horizon a s  shown 

i n  f igure  4(a).  If the  vehicle i s  i n  a nose-up posi t ion,  the  forward telescope 

scan will be completely off the  ear th ,  and the  rear telescope scan will dip 

fur ther  i n t o  the  ear th ,  as shown i n  figure 4(b) .  

converse i s  t rue .  

I n  a nose-down a t t i t ude ,  the 

With t h e  narrow f i e l d  of view of t he  telescope, t he  output signals are 

e s sen t i a l ly  off-on s ignals  - off when the  telescope sees space, on when it sees 

t h e  ear th .  

which operates t he  control  j e t  a s  i n  the  v e r t i c a l  case. Again, t he  control  j e t  

i s  a t  r i g h t  angles t o  the  telescopes, and t h e  spinning vehicle i s  precessed t o  

~ t h e  horizontal  posi t ion.  S t a b i l i t y  augmentation i s  provided by a r a t e  gyro sig-  

1 n a l  as before. 

These s ignals  are sui tably amplified and operate a switching amplifier 

However, since the  system described here i s  an on-off s igna l  
I 

system, t h e  rate i s  l imited only t o  some preset  threshold l i m i t ,  determined by 

the  amount of res idua l  coning which may be tolerated.  
, 

1 A lower r a t e  threshold 

~ w i l l  cut  down t h e  coning amplitude and make the system more s tab le ,  but w i l l  

require  a longer time and use more react ion j e t  f u e l  t o  make a given correction. 

Computer studies of t he  two types of Miniguide controls have shown both t o  

~ be feasible. Analog programs have been run t o  determine t h e  e f f ec t s  of such 

parameter var ia t ions  as gain changes i n  the  a t t i t ude  and rate channels, t i m e  lags 

i n  t he  solenoid valve and reaction je t ,  rate gyro dynamic charac te r i s t ics ,  changes 

i n  moments of i n e r t i a  and spin r a t e ,  external  torques such as aerodynamic and 

I t h r u s t  misalinement, e t c .  These s tudies  have demonstrated t h a t  t h e  Miniguide 
I 

1 Signal gain 

' 

systems are r e l a t i v e l y  insens i t ive  t o  such parameter var ia t ions.  

can be var ied  over a 4:1 range without serious deter iorat ion of system 
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performance, time lags  i n  the  react ion j e t  and solenoid valve may be compensated 

t o  a large degree by sh i f t i ng  t h e i r  pos i t ion  on the vehicle with respect t o  the  

telescopes and r a t e  gyro, and external  torques merely add a nutat ion mode t o  the  

nominal coning, but do not a f f e c t  the pointing accuracy of the  system. The big- 

gest  e f f ec t  on system performance i s  caused by a spin r a t e  other than t h a t  which 

was designed fo r .  Too high a spin r a t e  increases the gyroscopic s t a b i l i t y  of 

the  body, and the system w i l l  exhaust the  react ion j e t  supply before reaching 

the control a t t i t u d e  - too low a spin r a t e  reduces the  gyroscopic s t a b i l i t y ,  and 

the  system i s  l e f t  with an excessively la rge  coning amplitude. 

A Miniguide control  system has been f l i g h t  tes ted ,  which was a version of 

the p i tch  control  described e a r l i e r  i n  t h i s  paper. This system, shown i n  f ig -  

ure 5 was designed t o  correct  the  p i t c h  ax is  t ip -of f  e r ro r s  expected i n  a reentry 

research vehicle  f l i g h t ,  and a s  such had r a the r  pecul iar  control  requirements. 

The control was t o  begin a t  f ina l - s tage  i m i t i o n ,  and w a s  required t o  damp the  

vehicle coning r a t e  t o  below 6' per second and re turn  the  vehicle t o  the  correct  

p i t ch  a t t i t ude  within the i n i t i a l  10 seconds of motor burning. 

The vehicle picked f o r  the  f l i g h t  t e s t  of the  system was a four-stage con- 

Six-degree-of-freedom t r a j e c t o r y  s tudies  f igurat ion commonly ca l led  a Javel in .  

were made of t h i s  vehicle t o  e s t ab l i sh  the  i n i t i a l  conditions under which the  

control  operation would begin. These s tudies  predicted the  i n i t i a l  conditions 

t o  be 235,000-foot a l t i t u d e ,  with a p i t c h  a t t i t u d e  of 3 5 O  f o r  t h e  launch condi- 

t ions  selected.  

using the same type of b l a s t  separat ion system planned f o r  the  reentry vehicle  

under consideration indicated t h a t  vehicle  coning r a t e s  a s  high a s  36' per  second 

might be imparted by the  t ip -of f  disturbance. Since t h e  p o s s i b i l i t y  a l s o  ex is ted  

t h a t  no t ip-off disturbance would be present ,  t he  command p i t ch  a t t i t u d e  was 

I n  addition, s tud ies  of t he  f l i g h t  records of other  vehicles  
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chosen as  6 3 O ,  so t h a t  system operation could be checked i n  the  absence of the  

t ip-off  disturbance. 

The condition of system operation with the rocket motor burning imposed a 

l imi ta t ion  on the  mounting angle of the  rearward-looking telescope. 

escope were d i rec ted  t o  f a r  a f t ,  the  l i n e  of s ight  would pass through t h e  f r e e  

j e t ,  or plume of the  rocket, and mask the ear th  horizon. A t  these a l t i t u d e s  - 
200,000 t o  3OO,OOO f e e t  - the  f r e e  j e t  i s  rather  extensive. However, previous 

f l i g h t s  had shown t h a t  t he  telescope could be aimed back as  far a s  20° a f t  of a 

normal t o  the  body without passing through the  f r e e  j e t .  

l a rge  enough t o  permit the  telescope t o  see the rearward horizon, so an a l t e rna te  

control  scheme was developed t o  compensate fo r  t h i s  s i tua t ion .  It i s  a var ia t ion  

of the  hor izonta l  control  case, i n  which the  f ront  telescope only i s  used as  the  

a t t i t u d e  control  reference. 

If the  t e l -  

This angle w a s  not 

Figure 3 shows the  schematic of t h i s  control case. A s  can be seen, the  

r ea r  telescope now looks e s sen t i a l ly  s t r a igh t  out the  s ide of the  vehicle,  while 

the  forward telescope i s  s e t  t o  see the forward horizon when the  vehicle  i s  a t  

the  cor rec t  a t t i t u d e  and a l t i t u d e .  I n  operation, the rear ,  o r  s ide,  telescope 

s igna l  i s  inh ib i t ed  fo r  a period of t i m e  equal t o  one body spin revolution each 

time the  forward telescope receives an ea r th  s ignal .  

c i r c u i t r y  allows the  system t o  operate i n  a manner i d e n t i c a l  t o  t h e  horizontal  

system i n  t h i s  phase. 

during one spin revolution, t h i s  i n h i b i t  s ignal  i s  not applied, and t h e  s ide  

telescope causes the  vehicle t o  be torqued i n  a nose-down d i rec t ion  u n t i l  the  

forward te lescope again sees the  ear th .  

The ac t ion  of t h i s  i n h i b i t  

If the forward telescope f a i l s  t o  receive an ea r th  signal 

After  programing t h i s  system on an analog computer t o  demonstrate the f eas i -  

b i l i t y  of t he  scheme, the  system hardware was developed and the  breadboard 
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version included i n  t h e  computer program t o  provide r e a l i s t i c  e f f ec t s  of hyster-  

e s i s ,  time lags ,  e t c .  The appropriate a t t i t u d e  s ignals  from t h e  computer were 

used t o  tu rn  on and off small fast-response incandescent lamps mounted i n  the  

back of t he  telescopes,  and the  ac tua l  telescope s ignals  were then processed by 

the  electronics  breadboard. The computer s ignals  representing body rate were 

modified by t h e  r a t e  gyro dynamics, and t h i s  s igna l  fed t o  the  breadboard elec-  

t ron ics .  The output of the e lec t ronics  operated a solenoid valve which had been 

modified t o  actuate  a switch t o  provide the  e l e c t r i c a l  analog of t h e  control  j e t  

t h r u s t ,  which was fed back as a control  s igna l  i n to  the vehicle dynamics port ion 

of the  computer setup. 

Computer runs were made t o  determine react ion j e t  t h rus t  l eve l s ,  gas require- 

ments, steady-state conditions, e f f ec t  of spin r a t e  var ia t ion,  and system response 

times for ranges of i n i t i a l  conditions of l5O a t t i t u d e  e r ro r  and 400-per-second 

coning r a t e  t o  zero a t t i t u d e  e r ro r  and coning rate. It w a s  found t h a t  a gas 

volume of 150 cubic inches a t  3,000 p s i  w a s  su f f i c i en t  t o  reduce t h e  i n i t i a l  

a t t i t ude  and r a t e  e r ro r s  t o  steady-state conditions within t h e  required 10 sec- 

onds. 

control i n i t i a t i o n ,  as some combinations of a t t i t u d e  and r a t e  i n i t i a l  conditions 

caused t h e  control  j e t  t o  blow f o r  almost a complete revolution, which added 

l i t t l e  t o  the a t t i t u d e  control  or damping, but exhausted the  gas supply quickly. 

If the  vehicle motion was damped out before a t t i t u d e  control  w a s  i n i t i a t e d ,  t h i s  

condition w a s  a l lev ia ted .  

However, it was found necessary t o  provide a 1-second damping mode a t  

Figure 6 i s  a reproduction of a sample computer run. The gas supply used 

was unregulated, so t h a t  the j e t  t h r u s t  var ied with t h e  amount of gas used. The 

thrus t  l eve l  of t he  control  j e t  w a s  40 pounds a t  3,OoO-psi supply, and the  j e t  

was located 34 inches from t h e  vehicle center  of gravi ty .  The r a t e  @yro s igna l  
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threshold was s e t  a t  4' per second, which corresponds t o  a vehicle coning ampli- 

tude of eo f o r  the  vehicle parameters used. 

i n e r t i a  i n  r o l l ,  6.5 slug-ft2; i n  p i t ch  and yaw, 60 slug-ft2. 

r a t e  w a s  180 r p m ,  with a possible var ia t ion  from 150 r p m  t o  210 rpm. 

These parameters were moment of 

The nominal spin 

Since the  breadboard system proved adequate t o  perform the  required control  

task ,  it w a s  made up i n t o  f l i g h t  hardware. 

system a s  it w a s  used i n  the  f l ight  t e s t .  

under 18 pounds, and with minor mechanical redesign could be brought down t o  

12 pounds. The e n t i r e  control  e lectronics ,  shown i n  f igure  8, used only 13 t ran-  

s i s t o r s .  Since it contains some ra ther  novel c i r cu i t ry ,  a b r i e f  description w i l l  

be given here. 

The diode log ic  network allows s igna ls  from e i the r  of t h e  two telescopes,  

Figure 7 shows the  complete control  

The weight of t he  e n t i r e  system w a s  

or negative signals from the  r a t e  gyro t o  en ter  the  control amplifier,  which 

employs a f i e l d  e f f ec t  t r a n s i s t o r  f o r  high input impedance. 

na ls  operate an electronic  switch consis t ing o f  a Schmitt t r i gge r  and power 

amplif ier ,  which operates t h e  control  jet valve d i rec t ly .  

The amplified s ig-  

This i nh ib i to r  consis ts  of an amplifier s imilar  t o  t h e  control  amplifier,  

and a spec ia l  monostable multivibrator which may be retr iggered a t  any t i m e .  

mult ivibrator  i s  t r iggered by amplified signals from t h e  forward telescope each 

t i m e  it sees t h e  horizon. 

c i r c u i t  of t he  side telescope f o r  a period of about 0.3 second, o r  one spin 

revolution. 

The 

When triggered, it closes a diode gate i n  the  input 

Power i s  supplied t o  the  e n t i r e  system except the solenoid valve before 

lzxixlihg. ? n ~ r  is supplied t o  the  solenoid valve by a pressure switch on the  

fourth-stage rocket motor 

network energized by t h i s  

a t  i gn i t i on  t o  i n i t i a t e  control  operation. A capacit ive 

switch closes  diode gates i n  both telescope c i r c u i t s  
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f o r  about 1 second t o  allow rate s igna ls  from the  gyro t o  subdue any la rge  i n i t i a l  

t ip-off  r a t e s  before a t t i t u d e  correct ion i s  s t a r t ed .  

The emit ter  followers shown on each telescope input were ac tua l ly  mounted i n  

the  telescopes themselves t o  reduce noise pickup i n  the  connecting cables. The 

1 
2 

telescopes had a 3/8-inch aperture and a 2--inch foca l  length, and used an 

unf i l te red  lead sulphide photodetector. 

lo, with a sunshade which w a s  e f f ec t ive  f o r  sun angles of greater  than 10' off 

the  op t i ca l  axis. 

The t o t a l  f i e l d  of view w a s  approximately 

The small incandescent lamps i n  the  r e a r  of the telescopes 

were provided t o  be used f o r  system prelaunch checks. 

The prelaunch tes t  equipment consisted of motor-driven switches which actu- 

a ted  the incandescent lamps i n  t he  rear of the telescopes i n  the  same time 

sequence which would occur during f l i g h t .  It w a s  possible t o  actuate  both t e l e -  

scope lamps, o r  j u s t  t h a t  i n  the  s ide  telescope t o  simulate both modes of opera- 

t i on ,  and check the  operation of the  i n h i b i t o r  c i r c u i t .  System operation w a s  

monitored through the  telemeter,  which showed each telescope s igna l  and the  out- 

put of t h e  e lec t ronic  switch. Checks of t he  rate gyro were l imi ted  t o  determining 

t h a t  the  gyro motor w a s  running. This w a s  checked through a small microphone 

which was strapped t o  the  .gro case, and connected through the  umbilical  cable 

t o  a small amplif ier  and speaker i n  t h e  blockhouse. 

Figure 9 shows t h e  r e s u l t s  of the  f l i g h t  t e s t  of t h i s  system. The a t t i t u d e  

measurements were obtained from a t h i r d  te lescope,  s e t  8 O  t o  the  rear of t h e  

forward telescope, which s a w  t he  ea r th  once each revolut ion during a l l  t he  coning 

excursions. The i n i t i a l  conditions a t  the  time of cont ro l  i n i t i a t i o n  were some- 

what d i f fe ren t  than those which had been predicted by the  computer s tud ies  - t he  

a t t i t u d e  high a t  6i0, and the  coning rate low a t  40 per  second, which r e su l t ed  
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i n  a lower usage rate of control  gas than anticipated.  However, the system 

controlled the  p i t ch  a t t i t u d e  t o  t h i s  s e t  point i n  l e s s  than 5 seconds, and held 

the  coning r a t e  a t  4’ per  second, a s  i/t should. 

a f t e r  which the  vehicle was scheduled t o  be destructed f o r  range safe ty  reasons, 

the  f l i g h t  records agree very w e l l  with the  pref l igh t  computer s tudies .  

the  vehicle destruct  fa i led t o  terminate the  rocket-motor t h r u s t ,  and the  system 

continued t o  control  t he  vehicle t o  the s e t  point a t t i t ude .  Since the  vehicle 

had a la rge  component of v e r t i c a l  velocity,  the s e t  point a t t i t u d e  decreased, 

due t o  the  continual depression of the  angle t o  the  horizon. A s  can be seen i n  

f igure  9, a t  about 35 seconds the  vehicle a t t i t ude  begins t o  f a l l  below the  set 

point a t t i t ude .  Since t h e  vehicle a t t i t u d e  would, under these conditions, r i s e  

above t h e  set point a t t i t u d e  i f  control  were l o s t  due t o  exhausting t h e  control  

j e t  gas, t he  telemeter records were examined closely t o  determine the  reason f o r  

t he  d ispar i ty .  

During the  i n i t i a l  12 seconds, 

However, 

It was found t h a t  t he  cause w a s  an e f fec t  of ear th  l i m b  darkening. Due t o  

the  angle t o  t h e  horizon, and t h e  r e l a t i v e  posi t ion of t he  sun, less sca t te red  

sunlight w a s  being returned t o  t h e  telescopes a t  the  forward horizon. 

amount of energy a t  the  horizon f e l l  below t h e  threshold of t h e  telescope channel, 

t he  vehicle  w a s  torqued i n  a nose-down direct ion u n t i l  t he  threshold s igna l  value 

was reached, c rea t ing  an apparent horizon lower  than the  ac tua l  horizon. This 

e f f ec t  i s  shown i n  f igure 10, which i s - a  reproduction of t he  telemeter records 

from 50 t o  54 seconds after igni t ion.  The signals from the forward telescope, 

indicated by t h e  arrows, a r e  from the  portion of t he  horizon where the  s igna l  i s  

UCLWW bUc ~uLLeuvAu level ~f the telescope channel. The remaining s ignals  a re  

above t h e  threshold leve l ,  and the apparent horizon l ies  between the  two regions. 

When the 

’- - 1  --- 4-L- +Ln,,”h,l ;I 
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I n  the f l i gh t - t e s t ed  version of t he  Miniguide system, there  w a s  a t o t a l  yaw 

change i n  the  vehicle f l i g h t  path equivalent t o  about 150 a t  ign i t ion  of the  

f i n a l  stage. 

torques produced by the  varying angle of a t t ack  during the  extended coast phase, 

t ip-off  disturbance, and the act ion of the control  system. 

i n  t h i s  f l i gh t  t e s t  t o  control  t h i s  yaw dispersion. 

f l i g h t  t e s t  i n  the  controlled plane have stimulated i n t e r e s t  i n  a two-axis con- 

t r o l  f o r  the  Miniguide. Some preliminary computer s tudies  have been made which 

show tha t  t h e  output of a body-fixed azimuth sensor, operating on a su i tab le  

reference such as t h e  sun, can be fed  i n t o  the  ex is t ing  e lec t ronics  and j e t  

assembly t o  provide a two-axis control  system. 

complexity would be the  sensor, with no other additions t o  the  e lec t ronic  or 

mechanical complexity of t he  system. 

This yaw deviation was introduced by the combination of aerodynamic 

No attempt w a s  made 

However, the  r e s u l t s  of t he  

I n  this case, t he  only addi t ional  

A simple form of such an azimuth sensor operating from the  sun i s  shown i n  

f igure 11. The detectors consis t  of shaded so la r  c e l l s ,  mounted along the  same 

body axis a s  t he  horizon telescopes.  

so  t h a t  at the  correct  azimuth angle both c e l l s  a r e  completely shadowed by t h e i r  

respective shades. 

exposed t o  t h e  sun f o r  a port ion of t he  vehicle  revolution, while c e l l  B will be 

shaded throughout the  vehicle revolution. For a nose-right a t t i t u d e  the  reverse 

will be t rue,  c e l l  B exposed t o  the  sun during a port ion of t he  vehicle  revolu- 

t ion ,  and c e l l  A shaded. 

i n  the  same manner as the  horizon telescopes do i n  the  p i t ch  plane control ,  and 

torque the vehicle t o  a zero azimuth e r r o r  a t t i t u d e .  

The c e l l s  and shades a re  s e t  i n  t he  vehicle 

If the vehlcle i s  i n  a nose- lef t  a t t i t u d e ,  c e l l  A w i l l  be 

The output of these c e l l s  then actuates  t h e  control  j e t  

The preliminary computer s tudies  ind ica te  t h a t  t h e  two-axis control  w i l l  

Perform sa t i s f ac to r i ly  f o r  sun angles as much as 450 off the  optimum angle, where 
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the  sun l i e s  i n  the azimuth plane. 

by the addition of the  second controlled axis ,  though t h i s  increase has not yet 

been evaluated. 

An increase i n  control gas usage i s  incurred 

A study i s  now under way concerning the f eas ib i l i t y  of using t h i s  two-axis 

control scheme fo r  the inject ion of a payload into orb i t ,  using a multistage 

vehicle with a t t i t ude  control of the last stage only. 

being made t o  determine the accuracy with which the velocity vector pr ior  t o  

fourth-stage igni t ion can be controlled by appropriate selection of launcher 

azimuth and elevation and vehicle aerodynamic s t ab i l i t y .  This, i n  conjunction 

with the predicted a l t i t ude  variation, control accuracy, and fourth-stage velocity 

increment determines the o rb i t a l  parameters of the payload package. Preliminary 

resu l t s  of t h i s  study indicate tha t  it i s  feasible t o  in j ec t  a payload in to  a 

crude o rb i t  using a re la t ive ly  inexpensive four-stage vehicle and the Miniguide 

two-axis final-stage control. 

type launcher, and does not require the complex ground support equipment asso- 

ciated with iner t ia l - type a t t i tude  control systems. 

Trajectory studies are  

Such a vehicle can be launched from a simple r a i l -  

An application of the ver t ica l  Miniguide system i s  also currently under 

study a t  Langley. 

t o  a ve r t i ca l  a t t i t ude  a f t e r  burnout of the f i n a l  stage. 

t o  measure horizon posit ion and definit ion i n  various portions of the electro- 

magnetic spectrum t o  a high degree of accuracy, and has a l imited angle of scan 

over which it can acquire the horizon. A s ta r  scanner i s  included i n  the payload 

t o  determine the vehicle a t t i tude  t o  the extreme accuracy required - approximately 

0.02O. The control system must erect  the payload t o  a ve r t i ca l  a t t i tude  t o  within 

l e s s  than 1/2O, and reduce the coning r a t e  t o  as low a value as i s  practicable.  

The control must then be shut off so tha t  no external torques are  applied t o  the 

I n  t h i s  case the Miniguide system i s  used t o  a l ine  the payload 

The payload i s  designed 
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vehicle,  and l e f t  off for a period of several  minutes. 

vehicle t r a v e l s  down range, and due t o  the  spherical  ea r th  d r i f t s  away from the  

l o c a l  ve r t i ca l .  

cont ro l  i s  operated again, and the  vehicle  erected t o  the  new l o c a l  v e r t i c a l .  

This procedure i s  repeated as many times as i s  required t o  maintain the vehicle  

t o  within 3.5' of the l o c a l  v e r t i c a l .  

During t h i s  time the  

When the angle off v e r t i c a l  has reached approximately 3.5', the  

Computer s tudies  have been made of the  above system t o  determine the  design 

parameters such as j e t  t h rus t ,  gas b o t t l e  s i ze ,  and r a t e  and a t t i t u d e  signal 

gains. 

motor case - I n  between 2.5 and 3.5 slug-ft2,  I n  = Izz between 20 and 

40 slug-ft2,  spin r a t e  90 r p m  nominal, possible  var ia t ion  between 60 and 120 rpm, 

and a 3-foot moment arm f o r  t he  react ion j e t .  

tude error, and up t o  40° per  second coning r a t e .  

The vehicle parameters used correspond t o  the  payload and empty rocket- 

I n i t i a l  conditions were 25' a t t i -  

Figure 12 shows the  r e s u l t s  of one of the  computer runs, i n  which the  

i n i t i a l  condition i n  a t t i t u d e  w a s  25O, and the  i n i t i a l  coning r a t e  bo per  second 

i n  a direct ion t o  provide the  most addi t iona l  a t t i t u d e  e r ro r .  

f igure  12, the  system damps out vehicle  rate, and cor rec ts  the  a t t i t u d e  t o  v e r t i -  

c a l  i n  jus t  under 20 seconds, with enough gas remaining for a t  l e a s t  two more 

a t t i t u d e  corrections.  It w i l l  be noted on the  body r a t e  channel t h a t  during the  

major portion of the  a t t i t u d e  correct ion phase of t he  system, the  r a t e  maintains 

a constant value. 

e r ro r  s ignal  which w a s  found t o  add t o  t h e  system performance and reduce the  

amount of control  gas used. 

A s  may be seen i n  

This i s  a r e s u l t  of l imi t ing  the  amplitude of t he  a t t i t u d e  

Fromthese records it w a s  determined t h a t  the  a t t i t u d e  w a s  maintained t o  

within 1/2O with a coning r a t e  of under 1 / 2 O  per  second. The system parameters 

were determined t o  be 0.2' switching threshold f o r  the  a t t i tude signal, l imi ted  
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lo a t  a s igna l  equivalent t o  2- ; 0.2b0-per-second switching threshold for the  r a t e  

s ignal ,  and an unregulated gas supply of 140 cubic inches a t  3,000 p s i ,  with a 

control  j e t  which produces a th rus t  of 20 pounds a t  3,000 p s i .  

determined t h a t  the  r a t e  and posi t ion gains could be varied from 1/2 the  nominal 

value t o  four times the nominal value without seriously a f fec t ing  the  system 

dynamics, and s t i l l  remaining within the  design goals on steady-state posi t ion 

and r a t e ,  throughout the specif ied range of moments of i n e r t i a  and spin r a t e .  

On the  bas i s  of these s tudies ,  Langley plans t o  use t h i s  system on three  

2 

It w a s  a l so  

vehicles t o  be f i r e d  within the  next year and a h a l f .  

t he  excel lent  correlat ion of the computer studies and f l i g h t  r e su l t s  of the 

Miniguide which has been f l i g h t  tes ted ,  these computer values a re  f a i r l y  real- 

i s t i c  and can be duplicated i n  f l i g h t .  

w a s  pointed out i n  the  previous f l i g h t  t e s t .  

around the  e n t i r e  e a r t h ' s  disk, and since the  system described w i l l  t r y  t o  e rec t  

t o  a v e r t i c a l  determined by the center of i l lumination of the horizon r i m ,  it may 

not be a t  a t r u e  v e r t i c a l .  It i s  f e l t  t h a t  it w i l l  be w e l l  within the  f i e l d  of 

view of the  experiment radiometer, however, so  t he  experiments would s t i l l  be 

successful. 

accurate a t t i t u d e  measurements provided by the s t a r  scanner should provide some 

idea as t o  the  e f f e c t  and magnitude of t h i s  horizon i r r egu la r i ty  which can be 

included i n  t h e  design of the future flights. 

It i s  f e l t  t h a t ,  due t o  

One unknown area remains, however, which 

The horizon w i l l  not emit equally 

The results of the  horizon def ini t ion experiments, and the  highly 

Due t o  the  low cost ,  simplicity,  r e l i a b i l i t y ,  and low weight of the  Miniguide 

control  system, it i s  f e l t  t h a t  it i s  worthy of fur ther  study with respect t o  i t s  

fu ture  uses.  

more w i l l  be forthcoming i n  the  future.  

Two of t he  planned uses have been &iscussed l iere,  aiid ve h q e  that  
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